The silkworm extract powder contain 1-deoxynojirimycin (DNJ), a potent α-glycosidase inhibitor, has therapeutic potency against diabetes mellitus. Therefore, natural products containing DNJ from mulberry leaves and silkworm are consumed as health functional food. The present study was performed to evaluate the safety of the silkworm extract powder, a health food which containing the DNJ. The repeated toxicity studies and gentic toxicity studies of the silkworm extract powder were performed to obtain the data for new functional food approval in MFDS. The safety was evaluated by a single-dose oral toxicity study and a 90 day repeated-dose oral toxicity study in Sprague-Dawley rats. The silkworm extract powder was also evaluated for its mutagenic potential in a battery of genetic toxicity test: in vitro bacterial reverse mutation assay, in vitro chromosomal aberration test, and in vivo mouse bone marrow micronucleus assay. The results of the genetic toxicology assays were negative in all of the assays. The approximate lethal dose in single oral dose toxicity study was considered to be higher than 5000 mg/kg in rats. In the 90 day study, the dose levels were wet at 0, 500, 1000, 2000 mg/kg/day, and 10 animals/sex/dose were treated with oral gavage. The parameters that were monitored were clinical signs, body weights, food and water consumptions, ophthalmic examination, urinalysis, hematology, serum biochemistry, necropsy findings, organ weights, and histopathological examination. No adverse effects were observed after the 90 day administration of the silkworm extract powder. The No-Observed-Adverse-Effect-Level (NOAEL) of silkworm extract powder in the 90 day study was 2000 mg/kg/day in both sexes, and no target organ was identified.
INTRODUCTION
Recently, the World Health Organization (WHO) estimated that 80% of people worldwide rely on herbal medicines for some part of their primary health care (1) . A piperidine alkaloid, 1-deoxynojirimycin (DNJ), is known as one of the most potent α-glycosidase inhibitor (2) (3) (4) . DNJ binds to α-glycosidase active site in small intestine and suppresses elevation of glucose absorption and blood sugar level (5-7). The major functional component of silkworm extract powder (SEP) is DNJ which exerts blood sugar-lowering effect. Due to its potential in hyperglycemia inhibition, the preventive effect of DNJ on diabetes has been widely studied (8, 9) .
Natural DNJ was first isolated from mulberry roots (10) , and known to be highly synthesized in the mulberry (11) . Recently, more than 20 kinds of polyhydroxylated alkaloids have been identified from mulberry and silkworm (12) (13) (14) . Mulberry leaves are widely cultivated in sericulture and have ecological importance being sole food source of the silkworms. Silkworms have more DNJ than mulberry, suggesting that larvae can accumulate and enrich DNJ from mulberry leaves (15, 16) . Silkworms and mulberry leaves are consumed extensively in Korea, China, and Japan as functional food and pharmaceutical for diabetes mellitus (DM). Although numerous studies have reported the potential and production of DNJ (17) (18) (19) (20) few toxicology studies Single oral dose toxicity study. Five male and five female rats (8 weeks old) per dose were administered with SEP at 0, 1250, 2500, and 5000 mg/kg. Observations of clinical signs and mortality were checked continuously for the first one hour, and then every hour until six hours after administration and daily for 14 days thereafter. Body weight was observed throughout the 15 day experimental period, and gross findings were observed at necropsy.
90 day repeated-dose oral toxicity. The dose range of 90 day study was selected based on the results of the 4 week study. Five male and five female rats (6 weeks old) per dose were administered with SEP at 0, 250, 500, 1000, and 2000 mg/kg/day. No SEP-related changes were observed. Therefore, the high dose of 90 day study was set at 2000 mg/kg/day.
Ten male and ten female rats (6 weeks old) per dose were administered with SEP at 0, 500, 1000, and 2000 mg/kg/day. Additional five animals/sex were assigned for recovery study for the control and the high dose group.
Clinical signs and mortalities were checked once a day, and the type, date of occurrence, and severity of signs recorded individually. Body weights were measured before initiation of dosing (day 1) and once weekly throughout the experiment. Animals were fasted overnight before necropsy and body weights were recorded at necropsy. Food and water consumption were measured on the scheduled body weight weighing days.
Ophthalmological examination was observed five animals/ sex/dose of main group in the last week of observation. A mydriatic (Mydriacyl Eye Drops 1%, Lot No.: 11J20F, Mydriacyl TM , Alkon Korea) was dropped into the both eyeballs to facilitate mydriasis. The anterior parts of the eye, optic media and fundus were observed with an ophthalmoscope and fundus camera (Vantage Plus Digital LED, Keeler Instruments Inc., USA). No photographs were taken since there were no abnormal signs in any of the animals. Animals for recovery study were subjected to ophthalmological examination in the last week of recovery.
Urinalysis was done for main groups in the last week of administration. Five animals/sex/dose were housed individual in metabolic cages and urine samples were collected 3 hr for urinalysis and urine sediment test. Total urine volume, collected for 24 hr, was also measured. Animals for recovery study were subjected to urinalysis in the last week of recovery.
Urine samples were analyzed for protein (PRO), specific gravity (SG), pH, urobilinogen (URO), occult blood (BLO), ketone body (KET), glucose (GLU), bilirubin (BIL), white blood cell (WBC), nitrite (NIT), Erythrocytes (RBC), cast, epithelial cells, urine color and clarity using a CliniTek-100 urine chemistry analyzer (Ames Division, Miles Laboratory, USA).
At necropsy, all over-night fasted animals were anesthetized by isoflurane (Ifran liquid, Hana Pharm,Co., Ltd, Korea) inhalation. Blood samples for hematological and serum biochemical test were collected from posterior vena cava at necropsy.
Hematology parameters (ADVIA 2120, Siemens, USA) were detected red blood cell count (RBC), hemoglobin distribution width (HDW), hemoglobin concentration (HGB), hematocrit (HCT), platelet count (PLT), mean corpuscular volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), red cell distribution width (RDW), mean platelet volume (MPV), reticulocytes, white blood cell count (WBC) and WBC differential count [neutrophils, basophils, monocytes, lymphocytes, eosinophils and large unstained cells (LUC)].
Serum biochemical parameters were measured by a serum biochemistry analyzer (AU680, Beckman coulter, Japan). The parameters examined were aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), creatine phosphokinase (CPK), Reticulocyte (RET), total bilirubin (TBil), glucose, total cholesterol (TCho), triglyceride, total protein (TP), albumin, albumin/globulin ratio (A/G ratio), blood urea nitrogen (BUN), creatinine, inorganic phosphorus (IP), calcium (Ca), sodium (Na), potassium ion (K) and chloride ion (Cl).
After collecting the blood samples, animals were sacrificed by bloodletting from the abdominal aorta and posterior vena cava. Body surface, the subcutis, head, and all of the organs in abdominal and thoracic cavity were observed grossly and the findings were recorded. Organs weights were measured with an electronic balance (Satorius AG, Germany): the ovary, uterus, prostate gland, testis, epididymis, adrenal gland, kidney (both), spleen, liver, thymus, heart, lung, brain and pituitary gland. Relative organ weights (%) to the terminal body weights were also calculated.
Bacterial reverse mutation test. The histidine auxotroph strains of Salmonella typhimurium TA100, TA1535, TA98, TA1537 (22) and a tryptophan auxotroph strain of Escherichia coli WP2 uvrA (23) were used. Test strains were treated with SEP with or without metabolic activation system. Test strains and S9 fraction were obtained from Molecular Toxicology Inc. (USA) ( Table 1) . Dose ranges were selected based on the results of a range-finding test conducted on the test article using the five test strains in both the presence and absence of metabolic activation system with one plate per dose. In the range-finding test, precipitation was observed on the bottom agar at 1500 µg/plate and higher doses. A decrease of revertants per plate was observed at dose of 5000 µg/plate. Therefore, the highest dose of this study was set at 5000 mg/plate for all test strains and a six concentrations (5000, 1500, 500, 150, 50 and 10 mg/plate) were tested in this study.
Chromosomal aberration assay. Chinese hamster lung cells (CHL/IU) were obtained from American Type Culture Collection (Manassas, VA, USA). The Minimum Essential Medium (Gibco, #41500-034), containing 10% fetal bovine serum was used for the routine subculture and chemical treatment. The cells were maintained at 37 ± 1 o C in a 5% CO 2 -95% air humidified incubator (Forma 311 and 3111) with cell culture flask (culture surface 75 cm 2 , Falcon). Cells were subcultured every 2~3 days using 0.1% trypsin solution. Cells were dissociated by trypsin and counted by counter model Z2 (Beckman Coulter) to determine the number of cells per 1 ml. Table 2) .
Rapidly growing cells were trypsinized and three series of 25 cm 2 culture flasks were seeded with 6 × 10 4 cells, each in 5 ml of medium, and incubated for about 3 days before the chemical treatment. After 24 hr from the start of treatment, the mitotic cells of each flask were harvested and slides were prepared. A hundred metaphases per culture (200 metaphases per dose) were evaluated for chromosome aberrations. The results were expressed as mean frequency of metaphases with structural or numerical aberrations per 100 metaphases (24) .
Mouse bone marrow micronucleus assay. Six male ICR mice (8 weeks old) per dose were administrated SEP orally at doses of 1250, 2500 and 5000 mg/kg for 2 consecutive days. Cyclophosphamide monohydrate (CPA, SigmaAldrich Co.) was used as a positive control article. Positive control had been given intraperitonealy once in the second day. Animals were sacrificed by cervical dislocation at 24 hr after the final administration. Preparation of bone marrow smears and counting of micronuclei was done according to the method of Schmid (25) .
Statistical analysis. Data were statistically analyzed with the commercial program SPSS 10.1 K, and the significance level was set at p < 0.05.
Body weights, food and water consumption, hematological and serum biochemistry data, organ weights, and PCE:RBC ratio were assumed to be normally distributed and analyzed by one-way ANOVA. If the overall ANOVA was significant and the assumption of homogeneity of variance was met, then Duncan's multiple range test was used as a post hoc test to find out which group was significantly different from negative control group. If the sample size was not equal for each group Scheffe test was used instead. If the assumption of homogeneity of variance was not met, Dunnett T3 test was used as a post hoc test.
For the urinalysis data, the rank transformation was performed and analyzed by the Mann-Whitney U-test, in order to find out which group is significantly different from control group.
For the frequency of micronucleus the rank transformation was performed and analyzed by the non-parametric Kruskal-Wallis' H-test. If there was a statistically significant difference between groups, then the Mann-Whitney Utest was used to find out which group is significantly different from negative control group.
For the chromosome aberration test, Fisher's exact test was used to compare the frequency of aberrant cell between negative control and treated groups.
In this study, unless specified, the term "significant" in the sentence with P-value implies that the inter-group differences have attained statistical significance compared to the control group.
RESULTS
Single oral dose toxicity study. No unscheduled deaths were observed at any of the doses tested. Soft stool was observed in males (3 cases at 2500 mg/kg, 5 cases at 5000 mg/kg) and females (2 cases at 5000 mg/kg) on day 2. No treatment-related changes were observed in body weight and no gross findings were recorded at necropsy (data not shown). The approximate lethal dose of the SEP was greater than 5000 mg/kg in male and female rats.
90 day Repeated-dose oral toxicity. No SEP-related deaths or abnormal clinical signs were observed at all dose levels (data not shown). Loss of fur was observed from day 5 to 14 and reddish tear was observed from day19 to 21 in one male at 500 mg/kg/day.
No SEP-related significant changes in body weights, food and water consumption were observed (Fig. 1, Fig. 2 and Fig. 3 ). The body weight of male at 2000 mg/kg/day on day 84 and 91 and weight gain on day 91 were significantly higher (p < 0.05). During the recovery period, the body weight on day 91, 105, 105, 111, and 118 in male were significantly higher (p < 0.05 or p < 0.01). A significant increase in food consumption was observed in male at 1000 mg/kg/ day on day 22 (p < 0.05).
There were no associations between treatment and the findings recorded in the ophtalmological examinations.
In urinalysis, significant increases were observed in KET level (male at 2000 mg/kg/day), SG (in all male groups), and pH (females at 500 and 2000 mg/kg/day) (p < 0.05 or p < 0.01) ( Table 3) .
No SEP-related significant changes in hematological values. A significant decrease in RDW in male at 1000 mg/kg/ day and a significant increase in WBC count in female at 2000 mg/kg/day were observed (p < 0.05 or p < 0.01) ( Table  4 and Table 5 ). Serum biochemistry data were shown in Table 6 and Table 7 .
TCho in male at 1000 mg/kg was significantly decreased (p < 0.05) but ALP in female at 2000 mg/kg/day was significantly increased (p < 0.05). At the end of recovery period, levels of CPK and K + in male at 2000 mg/kg/day were significantly increased (p < 0.05 or p < 0.01) but the level of TBil in female at 2000 mg/kg/day was significantly decreased (p < 0.05).
There were no SEP-related significant changes in absolute and relative organ weights (Table 8 and Table 9 ). There were significant increases in absolute weights of both adrenal gland and absolute weight of left kidney in male at 500 and 2000 mg/kg/day (p < 0.05 or p < 0.01). There was a significant increase in relative weight of liver in male at 2000 mg/kg/day (p < 0.05).
Also, the absolute weight of liver, kidney, lung, brain, and fasting weight were significantly higher in both sexes at 2000 mg/kg/day in the recovery group (p < 0.05).
Decreased size of testis was observed in 1 male in control. Hydrometra in two females of each group, and adhesion of liver to diaphragm, and protuberance of white spots in the kidney at 2000 mg/kg/day were observed in one female.
At the end of recovery period, one case of protuberance of median lobe in the liver was observed in male of the control group. Decreased size of adrenal gland and yellowish discoloration of caudate lobe in the liver were observed in each two males at 2000 mg/kg/day. In female, the retention of clear fluid in the uterus was observed in one female of each group in the control and 2000 mg/kg/day groups.
No findings attributable to the administration of SEP were recorded in the histopatholgical examination (data not shown).
Bacterial reverse mutation test. There were no increases of the means of revertant per plate for all doses of SEP in Body weights were measured right before necropsy after an overnight fast. Body weights were measured right before necropsy after an overnight fast.
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H.-S. Heo et al. all of test strains both in the presence and absence of metabolic activation (Table 10) . Precipitation was observed on the bottom agar at 1500 and 5000 µg/plate. Clear positive responses were observed in all of the positive control plates.
Chromosomal aberration assay. No significant increases were observed in the number of aberrant metaphases in all of the treatment series both in the presence and absence of metabolic activation system. Clear positive responses were observed in all of the positive controls (p < 0.01) ( Table 11,  Table 12 and Table 13 ).
Mouse bone marrow micronucleus assay. No mortality and abnormality were observed. No increase in MNPCEs frequency was observed at any dose levels of SEP. The positive control, CPA, produced significant increase in the frequency of MNPCEs (p < 0.01) (Table 14) . There were no significant differences in PCE:RBC ratio at any dose level of SEP. However the PCE:RBC ratio in the positive control was decreased significantly (p < 0.01).
DISCUSSION
The present study was performed to evaluate the safety of SEP which containing DNJ in the single and 90 day repeated-dose oral toxicity. Mutagenic potential was also evaluated by in vitro bacterial reverse mutation test, in vitro chromosomal aberration assay and in vivo mouse bone marrow micronucleus assay.
The SEP did not induce acute toxicity in rats, and the approximate lethal dose was greater than 5000 mg/kg. Soft stool observed in the treatment groups was observed only on day 2 and disappeared, therefore, the sign was considered toxicologically insignificant.
In the 90 day repeated-dose oral toxicity study, no deaths and not test article related signs were observed at all dose groups. Loss of fur and reddish tear at 500 mg/kg/day were considered to be accidental changes because these signs were observed in only one animal and was lack of doseresponse.
The increases of body weight at 2000 mg/kg/day and food consumption at 1000 mg/kg/day were not considered to be test article-related effects since these changes were observed only in males without dose-response, and were within the historical control range of this strain and age (26) established in Chemon Inc. The significant increases in urinalysis (SG, KET and pH) were also considered to be of no toxicological significance, as these changes were observed CPA was intraperitoneally administered to mice once on the day of the 2 nd admin. Bone marrow smears were prepared about 24 hr after the final administration. ** Significantly different from the negative control group at p < 0.01. during the treatment period only, and were not accompanied by meaningful morphological changes in histopatholgical examination of the kidney and other related items.
The significant changes in the hematological and serum biochemical parameters such as decreased RDW and TCho at 1000 mg/kg/day, increased WBC, ALP, CPK, K + at 2000 mg/kg/day, and decreased TBil at 2000 mg/kg/day were not considered adverse because these changes were very slight and lack of dose-related response. Also these changes were not accompanied by any histopatholgical changes of other related items, and were within historical control ranges in rats of this strain and age (26) of Chemon Inc.
The significant increases of weights of adrenal glands and kidney in males at 500 and 2000 mg/kg/day were not accompanied by correlative findings. The significant increases in organ weights in the recovery group such as kidney, lung, brain, and liver were due to increase of fasting body weights. These changes were within the aforementioned historical control range. The necropsy findings were not related to the administration of SEP based on the results of histopathological examination. The decreased size of testis in control group was explained by the atrophy of seminiferous tubules observed in the microscopic finding. The liver-diaphragm adhesion was confirmed as hepatodiaphragmatic nodule. The protuberance of white spot in kidney at 2000 mg/kg/day was identified to be pyelonephritis. Therefore, these changes were not considered treatment-related because these changes were also found in the control group without clear dose-responsiveness, and found infrequently. The retention of clear fluid in the uterus was not attributed to the SEP but a natural change during the estrus cycle.
The protuberance of median lobe in liver, decreased size of adrenal gland, and discoloration of yellowish in caudate lobe in the liver found at necropsy of the recovery group were identified to be hepatodiaphragmatic nodule, accessory nodule in adrenal cortex, and focal necrosis of hepatocyte and fibrosis with brown pigmentation, respectively. They were not considered to be test article-related because they were observed in control group or found infrequently. Besides, other lesions which have been well known to occur spontaneously in Sprague-Dawley rats of same age were observed.
In summary, the present study evaluated the toxicity and genotoxicity of the Silkworm extract powders containing the DNJ. The Silkworm extract powder was not genotoxic as tested in a bacterial reverse mutation test, a chromosomal aberration assay and mouse bone marrow micronucleus assay and 90 day repeated oral administration of test article no significant toxic effects in rats.
Accordingly, under the present experimental conditions, SEP is not mutagenic both in vitro and in vivo assays, and the approximate lethal dose in single-dose oral toxicity study was higher than 5000 mg/kg in rats. The 90 day repeated-dose study demonstrated that at doses up to 2000 mg/kg/day is safe and does not cause adverse effects. The No-Observed-Adverse-Effect-Level (NOAEL) was 2000 mg/ kg/day for both male and female rats, and no target organ was identified.
